INTRODUCTION
============

*Helicobacter pylori* is a gram-negative, spiral-shaped bacterium which colonizes in the gastric mucosa and often causes gastritis or peptic ulcer disease in both adults and children \[[@B1]\]. As chronic *H. pylori* infection, which probably begins in childhood, is thought to be a strong risk factor for gastric adenocarcinoma and gastric lymphoma, its elimination has been regarded as the most important strategy for reducing mortality in adulthood \[[@B2]\].

Since the introduction of the initial published guidelines, the first-line treatment option for *H. pylori* infection has been triple therapies, which consist of a proton pump inhibitor (PPI) and 2 antibiotics \[[@B3]\]. However, recent studies have indicated declining rates of *H. pylori* eradication with the standard triple therapies worldwide \[[@B4],[@B5]\]. It is considered to be related to the increasing prevalence of *H. pylori* resistance to antibiotics, particularly clarithromycin \[[@B6]\]. As a result, bismuth-containing treatments have been suggested as the first-line treatment in regions with high clarithromycin resistance \[[@B2]\].

Since clarithromycin is widely used for the treatment of respiratory infections in the Korean pediatric population, *H. pylori* resistance to clarithromycin could be expected to increase over time. Moreover, clarithromycin resistance has been known to adversely affect the eradication rates of *H. pylori* infection in children \[[@B7]\]. Therefore, alternative treatment options should be suggested as an initial therapy for the eradication of *H. pylori* infection in Korean children.

We aimed to determine the efficacy of PPI-based triple therapy over the last decade in Korea. Further, we attempted to evaluate the effectiveness of bismuth-based quadruple therapy and to compare it with that of the standard 2-week triple therapy as the first-line treatment for *H. pylori* eradication in Korean children.

MATERIALS AND METHODS
=====================

Patients
--------

We retrospectively reviewed the data of children who had presented with gastrointestinal symptoms and who had been diagnosed with *H. pylori* infection at the Seoul National University Bundang Hospital from March 2004 to August 2012. The diagnosis of *H. pylori* infection was confirmed by endoscopic biopsy-based methods: histopathology and a rapid urease test. We excluded patients who had received antibiotics or acid-suppressive agents 4 weeks before the tests. This study was conducted with approval from the Ethics Committee of the Seoul National University Bundang Hospital.

Method
------

The patients were randomly assigned to receive one of the 2 eradication regimens for *H. pylori* infection: triple therapy regimen (omeprazole, amoxicillin, clarithromycin, OAC group) and quadruple regimen (omeprazole, amoxicillin, metronidazole, bismuth salts, OAMB group). The triple therapy regimen consisted of omeprazole (1 mg/kg per day; up to 20 mg twice daily), clarithromycin (15 mg/kg per day; up to 500 mg twice daily), and amoxicillin (50 mg/kg per day; up to 1 g twice daily) for 14 days. The quadruple regimen consisted of omperazole (1 mg/kg per day; up to 20 mg twice daily), amoxicillin (50 mg/kg per day; up to 1 g twice daily), metronidazole (20 mg/kg per day), and bismuth citrate (8 mg/kg per day) for 7 days.

Eradication of *H. pylori* infection was evaluated in all patients at 4 weeks after the completion of treatment by the ^13^C-urea breath test (UBT) or endoscopic biopsy-based methods. A UBT was performed with 75 mg ^13^C-urea without a test meal, as previously described \[[@B8]\]. A delta over baseline value exceeding 4 ‰ indicated a positive result.

Compliance with the drugs was assessed by questionnaires at the follow-up visit. Patients were also asked about any side-effects of the treatments.

Statistical analysis
--------------------

Statistical analysis was performed using PASW ver. 18.0 statistical software (IBM Co., Armonk, NY, USA). Student\'s t-test and Pearson\'s χ^2^ test were applied to evaluate the differences between the 2 treatment groups. The level of statistical significance was set at *p*\<0.05.

RESULTS
=======

Patient characteristics
-----------------------

Of the 129 patients enrolled in this study, 11 (4 in the OAC group and 7 in the OAMB group) did not return for the follow-up evaluation. Among 118 (91.5%) children who were included in the final analysis, 62 were assigned to the OAC group and 56 were allocated to the OAMB group. There were no significant differences in demographics or dropout rates between the 2 treatment groups ([Table 1](#T1){ref-type="table"}).

The compliance with the 2 regimens was excellent in all patients who completed their treatments. Moreover, no side-effects were seen during the period of the treatments.

*H. pylori* eradication rates according to the treatment regimen
----------------------------------------------------------------

The eradication rate was 67.7% (42/62) in the OAC group and 83.9% (47/56) in the OAMB group. A significant difference was obtained between the 2 treatment groups in the *H. pylori* eradication rates (*p*=0.041, [Fig. 1](#F1){ref-type="fig"}).

Serial *H. pylori* eradication rates over time
----------------------------------------------

The eradication rates during the following 3 periods were also compared: 2004-2006, 2007-2009, and 2010-2012. The eradication rates during the periods in the OAC group were 69.6% (16/23), 75.9% (22/29), and 40% (4/10), respectively. In the OAMB group, the eradication rates for the abovementioned periods were 79.2% (19/24), 88.9% (8/9), and 87% (20/23), respectively ([Fig. 2](#F2){ref-type="fig"}). The eradication rates in the OAMB group during each period were all superior to those in the OAC group, especially during 2010-2012 (*p*=0.01).

DISCUSSION
==========

To our knowledge, this is the first report that compares the efficacies of the triple and quadruple therapy therapies as the first-line treatment for *H. pylori* eradication in a pediatric population in Korea. We also observed the trend of eradication success with the standard triple therapy in Korean children over the last decade.

Based on this study, the *H. pylori* eradication rate of the standard 2-week triple therapy was only 67.7%, which is less than the 85-90% threshold that most consensus guidelines recommend \[[@B2],[@B9]\]. Moreover, our results revealed that the effectiveness of the triple therapy has decreased over time, corresponding with the findings of several previous studies \[[@B4]\]. According to other studies that included Korean children, the rate of *H. pylori* eradication with the 2-week triple therapy comprising PPI, amoxicillin, and clarithromycin was 84.6% in 1998-2000 and 74% in 1999-2004 \[[@B10],[@B11]\]. The European pediatric treatment registry recently reported the results from the use of 27 different regimens in 518 children, where the eradication rate by the standard 2-week triple therapy, i.e., the same regimen as ours, was 60.5% \[[@B12]\].

The success of *H. pylori* eradication is closely associated with clarithromycin resistance of *H. pylori*, which has been reported to develop variably according to geographic regions. The clarithromycin resistance rate in Europe had increased from 9% in 1998 to 17.6% in 2008-2009 \[[@B2]\]. A multicenter study that included children living in Europe revealed a clarithromycin resistance rate of 24% \[[@B13]\]. In a study on 222 Korean adults, clarithromycin resistance was reported to have increased from 16.7% in 2003-2005 to 38.5% in 2007-2009 \[[@B14]\]. A study carried out in a small number of Korean children revealed a clarithromycin resistance rate of 25% over 7 years, from 2003 to 2009 \[[@B15]\].

Evidence-based guidelines from the European Society of Paediatric Gastroenterology, Hepatology and Nutrition and the North American Society of Pediatric Gastroenterology, Hepatology and Nutrition have recently suggested that clarithromycin-based triple therapy can only be recommended as first-line therapy if the clarithromycin resistance rate in the area is known to be low (\<20%) \[[@B9]\]. It is also recommended that the test for antibiotic susceptibility to clarithromycin should be performed before the initial clarithromycinbased triple therapy in areas/populations where the known resistance rate of *H. pylori* to clarithromycin is high (\>20%). Additionally, a recent review has outlined general rules for treating patients with *H. pylori* infection; clarithromycin-based regimen should not be recommended if prescription of clarithromycin is locally common or if the patient has been administrated clarithromycin in the past, for any indication \[[@B6]\].

There have been several efforts to improve the eradication rates of *H. pylori* infection by the combination of multiple drugs or by increasing the dose of medication or duration of treatment, which could suggest alternative first-line therapies for *H. pylori* infection. Bismuth salts are known to inhibit *H. pylori* growth and are effective in eradicating the bacterium. The bismuth-based regimens have been reported not to cause more adverse events than the standard clarithromycin-containing triple therapy \[[@B2],[@B16]\]. In a recent report, bismuth-containing triple therapies were found to be more efficacious than PPI-based ones as the first-line treatment for children (77% vs. 64%) \[[@B12]\]. As a result, bismuth salts have been included as the first-line treatment in the latest guidelines for *H. pylori* infection in children \[[@B9],[@B17]\]. Furthermore, the Maastricht IV Consensus Report recommended bismuth-containing quadruple therapies as the first choice in regions with high clarithromycin resistance \[[@B2]\].

In regard to metronidazole, which is an important antibiotics in bismuth-based quadruple therapy, the frequencies of resistance to the antibiotics in Korea have been reported to be variable in a range of 27.6% to 66.2% according to the study populations \[[@B14],[@B18]\]. A limited study has recently reported a metronidazole resistance rate of 17.8% in Korean children \[[@B15]\]. Despite a high rate of metronidazole resistance, the outcome with quadruple therapy has not shown a significant difference between metronidazole-sensitive strain and metronidazole-resistant ones \[[@B19]\]. Moreover, based on the results from a European register, the eradication rate of a regimen, where the clarithromycin was substituted with metronidazole in standard PPI-based triple therapy, was 66.7%, which showed no significant difference between the two regimens \[[@B12]\]. However, the addition of PPI to bismuth triple therapy has been known to improve the efficacy and to overcome the metronidazole resistance \[[@B20]\].

In 2009, the Korean College of *Helicobacter* and Upper Gastrointestinal Research group for *H. pylori* produced guidelines for the diagnosis and treatment of *H. pylori* infection. Based on the guidelines, bismuth-containing therapy is recommended only in the case of treatment failure of first-line regimens \[[@B21]\]. In adults, there have been studies comparing the standard triple and quadruple therapies, yielding controversial results for the eradication rates of the 2 regimens \[[@B22],[@B23]\].

Few reports have compared the efficacies of the standard triple therapy and bismuth-based quadruple therapy in pediatric populations. Only 1 randomized clinical trial was performed during 2003-2004, where the regimens were applied to Iranian children for 10 days. In that study, the *H. pylori* eradication rates were not significantly different between the 2 groups \[[@B24]\]. Another comparison study, also performed in Iran, revealed a 91.9% *H. pylori* eradication rate with bismuth-based quadruple therapy, as compared with the 82.1% success rate of the 2-week standard triple therapy \[[@B25]\].

There have been no suggested recommendations for children and adolescents with *H. pylori* infection in Korea. Therefore, adequate treatment regimens for *H. pylori* infection should be determined for Korean pediatric population because of the increasing resistance to clarithromycin in Korea. In our study, the eradication rate of bismuth-based quadruple therapy (83.9%) was sigsignificantly higher than that of clarithromycin-based 2-week triple therapy (67.7%), indicating that the bismuth-based 1-week quadruple therapy should be recommended as the initial treatment regimen for *H. pylori* infection in children.

In conclusion, bismuth-based quadruple therapy can be suggested as an alternative first-line treatment, especially for Korean children. Further trials in other settings, particularly in pediatric populations, are required to enable the application of such practical guidelines to the Korean pediatric patients.
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^\*^Values are presented as mean±standard deviation or number (%). OAC: omeprazole, amoxicillin, clarithromycin, OAMB: omeprazole, amoxicillin, metronidazole, bismuth salts, MALToma: mucosa-associated lymphoid tissue lymphoma.
